Genomic and other technologies are improving the accuracy with which clinicians can estimate risk for recurrence (RFR) of breast cancer and make judgments about potential benefits of chemotherapy. Little is known of how patients will respond to genomic RFR testing or interact with their physicians to make informed decisions regarding treatment. We assessed interest in genomic RFR testing and patient preferences for incorporating results into treatment decision making.
INTRODUCTION
In 2007, an estimated 178,480 women in the United States will be diagnosed with breast cancer. 1 Although effective treatments for breast cancer are increasingly available, 2 decisions about which treatment options to pursue are complex 3 and often produce anxiety. 4 Currently, estimates of risk for recurrence (RFR) of breast cancer and benefits of adjuvant therapy are based on clinical characteristics, such as disease stage, tumor pathology, estrogen and progesterone receptor status, human epidermal growth factor (HER-2) status, and patients' overall health. 5, 6 Recent studies suggest that gene expression analysis of breast cancer tumors can categorize RFR, 7 aid prognosis, [8] [9] [10] [11] [12] [13] and predict response to chemotherapy. 7, 14 Gene expression analysis offers the potential to identify women who are at greatest RFR and therefore are likely to receive the greatest benefit from chemotherapy. 3, 7 Ultimately, genomic RFR testing could reduce the need for additional treatments for some women with early-stage, nodenegative, and estrogen-and progesterone-positive breast cancers. Two clinical trials 15, 16 will provide a better understanding of the potential clinical impact of these methods.
Few studies have assessed either physicians' or patients' interest in genomic RFR testing or how it may affect decision making regarding chemotherapy. Cognitive and affective factors-such as perceived benefits of treatment, concerns about the toxicities of treatment, and related worryare known to influence adjuvant treatment decision making by patients. 17 Similar factors could affect response to RFR testing.
Studying potential responses to clinical innovations before they become part of routine practice allows for the identification of important patient or physician concerns.
18-21 Therefore, our study assessed breast cancer patients' attitudes toward genomic RFR testing, interest in testing had it been available when they were diagnosed, and potential response to the receipt of test results. We also examined how varying the magnitude of RFR would influence patients' preferences for chemotherapy and their anticipated emotional responses.
PATIENTS AND METHODS

Participants
Study methods are described elsewhere. 22 In brief, eligible patients met the following criteria: English-speaking, previously diagnosed with stage I/II primary breast cancer, completed surgery, and either had not received or had completed adjuvant chemotherapy. Patients were ineligible if they had a lifethreatening comorbid disease, second primary cancer, cancer recurrence or metastasis, or history of serious psychiatric illness.
In 2005, eligible patients were mailed invitation letters 2 weeks before their appointments and were approached by trained research assistants in the University of North Carolina Breast Clinic (Chapel Hill, NC). Participants were read, and were provided a paper copy of, a brief description of genomic RFR testing (Appendix, online only), and completed self-administered questionnaires. Study protocol and materials were approved by the University of North Carolina institutional review board.
Measures
Participant characteristics. We assessed age, race, education, and financial status. To minimize typically high levels of nonresponse to questions about income, we assessed financial status using an item previously shown to have high levels of completion: "Without giving exact dollars, how would you describe your household's financial situation right now?" 23 A dichotomous variable indicated sufficient/limited financial status. Because just over half of the participants reported at least a college education (54%), we dichotomized educational attainment. We asked whether participants had heard of genomic RFR testing before participation. We reviewed the medical records of those who completed HIPAA authorization to assess years since diagnosis, tumor stage and grade, receptor status, primary therapy and adjuvant therapy. We computed participants' 10-year RFR using a validated tool that provides objective risk estimates using clinical parameters.
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Being tested. Two items assessed interest in testing: willingness to be tested if it were free, accompanied by a 5-point scale labeled "definitely would not" to "definitely would," and willingness to pay out of pocket for testing, accompanied by a 6-point scale labeled, "Nothing," "$1 to 99," "$100 to 499," "$500 to 999," "$1,000 to 2,499," and "$2,500 or more." We coded responses to the latter with the value of each category's midpoint, with zero as the lowest response and $2,500 as the highest response.
Attitudes about testing. We adapted 11 items from the literature to assess participants' attitudes toward genomic RFR testing, 20,21,25 accompanied by a 5-point scale labeled "strongly disagree" to "strongly agree." We obtained a two-factor solution using principal axis factoring and created two scales by averaging these items. The first scale, "concerns," had seven items that shared the common theme of concerns about testing and how it would affect treatment (␣ ϭ 0.78). The second scale, "benefits," had four items that shared the common theme of benefits of testing and how it would affect treatment (␣ ϭ 0.80).
Preferences about decision making. Two items assessed participants' preferred decision-making style regarding involvement in the decision to be tested and in how the test results would influence treatment. Each was accompanied by a response scale adapted from the Control Preferences Scale. 26 Consistent with common practice, 27,28 responses were recoded as a "passive," "active," or "shared" decision-making styles.
Using test results. Three items assessed participants' preferences for incorporating RFR test results into treatment planning. Three items assessed whether participants would want to know RFR test results, whether they would want to discuss the results with their doctors, and whether they would want the results incorporated in treatment decision making, accompanied by a 5-point scale labeled from "definitely would not" to "definitely would."
We used hypothetical scenarios to assess potential responses to testing, similar to what was done in early studies undertaken to understand the potential uptake of and response to cancer susceptibility testing. [21] [22] [23] All participants viewed scenarios that described hypothetical test results yielding high and then low RFR. For each vignette, we assessed participants' interest in chemotherapy given the results alone and in combination with the advice of their physician to get chemotherapy, accompanied by 5-point scales from "definitely would not" to "definitely would." We assessed trust in test results and worry and regret about results in response to scenarios describing high, low, and then intermediate (ie, "in-between") RFR results, accompanied by 5-point scales labeled "not at all" to "extremely."
Statistical Analyses
Data were analyzed using SPSS 13.0 (SPSS Inc, Chicago, IL). To identify potential covariates, we examined bivariate correlations between our outcomes and age; race; education; financial status; concerns about and perceived benefits of testing; completion of chemotherapy and radiotherapy and use of hormone therapy; stage of disease; years since diagnosis; having heard of RFR testing; and the participant's own RFR. This analysis identified all but completion of radiotherapy, use of hormone therapy, and the participant's years since diagnosis and RFR as covariates. Covariates were included in all subsequent analyses. Multiple linear regressions were used to examine predictors of the amount participants would be willing to pay for RFR testing and their preferred decision-making roles. Multiple logistic regressions were used to examine predictors of interest in testing and incorporating results into treatment decision making. Repeated measures analysis of covariance was used to examine differences in response to varied RFR magnitudes and the impact of covariates.
RESULTS
We present our findings in separate sections on participants' characteristics, perceived concerns and benefits, interest in testing, preferred decision-making role, potential response to test results, and the impact of RFR on treatment decisions. Overall, we found very strong interest in genomic RFR testing. However, we also identified some concerns about trust in testing and test results.
Study Participants
We approached 231 women; 166 (72%) agreed to participate. Twenty-one women had heard of RFR testing; one indicated that it was used for decision making during her initial diagnosis. She was removed from further analysis to allow for greater comparability among participants. We report findings on 139 participants (60%) with complete data on all dependent variables. Mean age was 58 years; 86% were white, 11% African American, and 3% Asian American. We combined African American and Asian American participants into one group to simplify data analyses. Participants were, on average, 4 years postdiagnosis (range, 0 to 14 years). Fifty-six percent were diagnosed with stage I cancer; 48% had received chemotherapy (Table 1) .
Concerns About and Perceived Benefits of RFR Testing
Participants rated the potential benefits of the genomic RFR test higher than they did potential concerns (3.13 v 1.33, respectively, on a 5-point scale; t ϭ 18.97; P Ͻ .001). Participants, on average, strongly disagreed with concerns about testing, and they were more balanced in their response to potential benefits, tending neither to agree nor disagree with these statements. Concerns and perceived benefits were uncorrelated (r ϭ -.13; P ϭ .13), suggesting that they were distinct constructs. Women with limited finances expressed significantly greater concerns, as did those without college degrees (Table 2) .
Interest in Testing
The majority of women stated they would "definitely" want to be tested (76%). Responses were categorized as "definitely" and "other" for statistical analyses. "Definitely" wanting to be tested was inversely related to age and concerns about testing. Women who reported more perceived benefits of and fewer concerns about testing were more likely to say that they would "definitely" want to be tested (Table 3) .
Women said they were willing to pay, on average, $997 (95% CI, $840 to $1,155) out of pocket for testing. Those who had heard of genomic RFR testing before the study were willing to pay more for testing (Table 2) .
Preferred Decision-Making Role
Most women preferred to be involved in the decision-making process both before RFR testing and after results were available. Most participants preferred shared (39%) or active (56%) decision making about whether to receive RFR testing. Younger participants and those with fewer concerns were more likely to prefer active involvement in the decision to be tested (Table 2 ). The majority also preferred shared (45%) or active participation (44%) in the decision regarding how test results would be incorporated into treatment decision making. Participants who were younger, had earlier-stage tumors at initial diagnosis and had fewer concerns preferred greater involvement in treatment decision making (Table 2) .
Potential Use of Test Results
We examined how participants said they would have responded to genomic RFR results if they were tested. Most women (87%) stated that they would "definitely" want to know their RFR. Women who had received chemotherapy to treat their breast cancers reported less interest in discussing RFR test results with their physicians (Table 3) . Most participants indicated that they would have wanted to include RFR information in decision making about treatment (84%). Women who perceived greater benefits of and fewer concerns about testing were also more likely to prefer using the test information in their treatment decisions (Table 2) .
Impact of Risk for Recurrence Results on Response to Testing
We examined how RFR magnitude (low v high) and physician recommendations affected women's self-reported interest in having chemotherapy. We considered that participants with high RFR at their initial diagnosis might express systematically different responses to testing and to decisions about treatment. Sensitivity analyses indicated that participants' own RFR was not a significant covariate or interaction term in any analysis.
DISCUSSION
Most participants indicated that they would have been interested in genomic RFR testing at the time they were treated for early-stage breast cancer had it been available. Most women preferred an active role in decision making about treatment and would have wanted the results incorporated into treatment planning.
Women said they would be willing to pay approximately $1,000 for genomic RFR testing. Currently, the out-of-pocket costs for OncotypeDx (Genomic Health, Redwood City, CA) range from a few dollars for some insured women up to $3,287 for some uninsured women. 29, 30 Although the highest option on our scale assessing willingness to pay was less than some women might pay (an artifact of the test's cost being unknown when we planned our study), only a handful of women used this highest option. This gives us confidence that $1,000 offers a realistic early estimate of women's willingness to pay for the test, an amount that is lower than some women would, in practice, pay out of pocket. Participants' expectations regarding chemotherapy preferences, worry and regret about test results, and trust in test results were all sensitive to RFR magnitude. This is important, because one potential benefit of this technology is the ability to more accurately predict recurrence and tailor adjuvant care for some women. 3 Previous studies indicate that many early-stage breast cancer patients prefer chemotherapy even if it will offer little benefit. 31, 32 For the potential benefits of RFR testing to be fully realized, patients and their physicians must recognize that not all patients require adjuvant chemotherapy. Patients, in turn, must be willing to forgo chemotherapy based on the combination of their physicians' recommendations, RFR test results, and other relevant clinical information.
Patient's chemotherapy preferences were sensitive to low and high RFR magnitudes, even when a physician counseled them to have chemotherapy. Some of the scenarios that we presented are likely to happen frequently in practice, such as a physician's recommendation to have chemotherapy in response to a high RFR result. Other scenarios are less likely, such as a recommendation to have chemotherapy in response to a low RFR result. In practice, few physicians would advocate chemotherapy in light of indicators that a woman's RFR was low. We used this scenario to elicit participants' reactions to a situation presenting conflicting information rather than to suggest that it mirrored common clinical practice. Our results underscore the comparable weight that participants placed on their physicians' recommendations and the importance of patient education regarding how clinicians incorporate genomic RFR information into treatment decision making. Indeed, the value placed on testing by the physician and how this is conveyed will likely be critical to patients' decision-making processes.
Although it is promising that participants' hypothetical decisions about chemotherapy were sensitive to RFR and physician recommendations, participants trusted high RFR results most and intermediate RFR results least. Although the clinical significance of these findings on trust is unclear given their small magnitude, one potential explanation is that a high RFR result would suggest a clearer path of action (chemotherapy), whereas a result indicating an intermediate RFR would involve greater ambiguity, thus changing the acceptability of the result. 33 Medical decision making in response to results conferring an intermediate RFR, along with results that are not concordant with clinical parameters, would convey the greatest uncertainty and require the most deliberation. Our results suggest that patients may have the greatest difficulty in accepting the validity of such results, mirroring findings regarding the difficulties inherent in understanding, accepting and processing clinical risk information that confers higher than expected levels of ambiguity. Participants' concerns about testing were unrelated to their treatment decisions in the context of a hypothetical scenario about chemotherapy. In contrast, participants with more concerns reported lower willingness to be tested and to have the results used to guide treatment decisions. One explanation for these apparently conflicting results is that some participants were unable to integrate their reservations about the test into their hypothetical treatment decisions. It remains possible that patient concerns may affect treatment decisions in a clinical setting.
This study has several limitations, including a cross-sectional design and a sample limited to women who were post-treatment for breast cancer and who received follow-up care at one clinical center. Only 60% of the women approached during the study were included in our analysis. The combination of these factors suggests that our results may not reflect the attitudes of all women who will qualify for RFR testing. Because we conducted this study as RFR testing was moving into clinical use, we could not interview similar groups of women who had received genomic RFR testing. Responses of actual patients and clinicians may depart from our findings. Also, hypothetical scenarios cannot fully capture the complexities of decision making before the commencement of adjuvant treatment. The scenarios did not specify a timeframe for recurrence, and we did not counterbalance to distribute any potential order effects across the scenarios. However, the employment of hypothetical scenarios allowed us to systematically examine participants' responses under different conditions relevant to decision making about adjuvant care.
39-41
Unlike people with strong family histories of cancer proactively seeking cancer susceptibility testing 42 (which they can do without referral from their health care provider), breast cancer RFR testing likely will be integrated into the routine care of women with earlystage, node-negative, estrogen-and progesterone-positive breast cancers. Just as early studies examining potential response to cancer susceptibility testing employed hypothetical scenarios, our research took this approach to allow us to obtain critical early information on women's preferences. Although we have since learned that those studies overestimated uptake 20, 21, 43 and emotional distress, 21, 44 they were an important step in understanding how best to communicate with patients about testing.
Several studies have examined adjuvant treatment preferences 32, 45, 46 and their relation to RFR was assessed using standard clinical indicators. 40 To our knowledge, our study is the first to demonstrate patients' interest in genomic RFR testing and how these results might influence decisions about adjuvant care. Overall, our results indicate that patients will welcome this information, that they prefer to be involved in how their test results will guide treatment choices, and that they will be sensitive to results when making decisions about their treatment. These findings have important implications for communicating with patients newly diagnosed with breast cancer as RFR testing transitions into clinical care.
